Renal artery stenosis is a common cause of secondary hypertension and chronic kidney disease. We present here a case of fibromuscular dysplasia that was treated with surgical revascularization, resulting in recovery of kidney function with eventual cessation of chronic dialysis. The case involves a 25-year-old female with coincidentally discovered hypertension, who underwent further investigations revealing a diagnosis of renal artery stenosis due to fibromuscular dysplasia. She subsequently developed two episodes of malignant hypertension, with flash pulmonary oedema and worsening renal failure that resulted in dialysis dependence. After evidence was obtained that the right kidney was still viable, a revascularization procedure was performed, improving blood pressure control and restoring kidney function, thereby allowing dialysis to be stopped. This case highlights the importance of evaluating patients with renal artery stenosis for revascularization before committing them to a life of chronic dialysis. Author contributions: Chothia MY and Davids MR were involved in the care of the patient; all of the authors contributed to writing of the paper and review of the final manuscript.
INTRODUCTION
Renal artery stenosis (RAS) is a common cause of secondary hypertension and chronic kidney disease. The most common cause of RAS is atherosclerosis, while fibromuscular dysplasia (FMD) is regarded as a rare aetiology. The latter is regarded as a non-atherosclerotic, non-inflammatory vascular disease, most frequently affecting the renal arteries (60%-75%) followed by the carotid arteries (25%-30%); however, many other vascular beds have been described [1] . The pathological classification of FMD is based on the arterial layer primarily affected. The most common pathological type is medial fibroplasia, which has a characteristic "string-of-beads" appearance on renal angiography. The cause of FMD remains unknown but may have a genetic component since the disease tends to affect first-degree relatives of affected individuals [2] . The disease is frequently asymptomatic and may only be identified coincidentally. Studies have reported that FMD represents < 10% of cases of renovascular hypertension [3] . Even more uncommon is renal failure due to FMD, despite studies reporting that up to 63% of patients have loss of kidney volume [4] . We present herein a case of FMD that resulted in severe dialysis-dependent renal failure, where there was recovery of kidney function following revascularization and eventual cessation of chronic dialysis.
CASE REPORT
A 25-year-old female was seen in August 2015 at our medical outpatient clinic after hypertension was diagnosed following surgery for a distal tibia-fibula fracture. During hospitalisation, the patient's systolic and diastolic blood pressure (BP) was noted to be in the range of Chothia MY et al . Renal fibromuscular dysplasia and revascularization 180-225 mmHg and 110-130 mmHg, respectively, despite anti-hypertensive therapy that included hydrochlorothiazide 25 mg daily and amlodipine 10 mg daily.
The patient showed no symptoms related to her hypertension. On clinical examination, she had a normal body habitus with a body mass index of 23 kg/m 2 and no syndromic features for an endocrine cause of hypertension. All pulses were palpable and equal in volume, with no radio-femoral delay. There were no differences in BP between the right and left upper limbs, or between the upper and lower limbs. No renal or carotid arterial bruits were audible. There was a prominent, pressure-loaded apical impulse. Her serum creatinine concentration was 67 µmol/L.
Since parenchymal kidney disease and renovascular disease are the two most common causes of secondary hypertension, a radiological examination of these systems was performed. Ultrasound measurements of the patient's left and right kidney showed a discrepancy in sizes of 72 mm and 117 mm, respectively. Resistive index could not be determined for the left kidney, due to very poor perfusion; however, the right kidney had normal perfusion, with a resistive index of 60%. Computed tomography angiography (CTA) revealed normal cortico-medullary enhancement in the right kidney, while the left kidney had cortical infarcts and fibrous tissue that encased the left renal artery, originating approximately 8 mm from the ostium up to the level of the renal hilum with near-complete occlusion. The right renal artery had nearly 50% stenosis that originated 17 mm from the ostium. The rest of the aorta and its branches were otherwise normal in configuration.
A diagnosis of FMD was made, since the CTA was most consistent with this condition (as opposed to Takayasu's arteritis). The lumina of the aorta and its branches were not narrowed and had a smooth wall, and no post-stenotic dilatations were noted. Also, the origins of the stenosis in the renal arteries were not at the ostia but rather at the mid-vessel level.
During this time, the patient's serum creatinine had increased slightly to 87 µmol/L and she developed resistant hypertension. Her antihypertensive regimen included atenolol at 50 mg daily, furosemide at 160 mg daily, amlodipine at 10 mg daily and minoxidil 5 mg daily. Antagonists of the renin-angiotensin system were avoided due to the concern of effects that this class of drugs may have on renal function.
In January 2016, the patient presented with malignant hypertension, flash pulmonary oedema and a serum creatinine level that had risen to 1807 µmol/L. Despite this, her urine volumes ranged from 700 mL to 1000 mL daily. Repeat ultrasound showed that the right kidney size was now 92 mm and that the resistive index had increased to 70%. A diuresis renogram revealed a differential function of 80% in the right kidney and 20% in the left, with poor global function. The patient was initiated on haemodialysis and her serum creatinine improved to 650 µmol/L. Dialysis was stopped. However, 3 wk later, she re-presented with a second episode of malignant hypertension and flash pulmonary oedema and her serum creatinine had again increased to 1509 µmol/L. Haemodialysis was then re-initiated.
Notably, the patient's urine volumes throughout this entire period remained at nearly 1000 mL daily, which was an indication of ongoing right kidney perfusion, possibly via collateral blood vessels. This was confirmed on a repeat CTA (Figure 1) . A kidney biopsy of the right kidney was performed and revealed viable, normalappearing tissue (Figure 2) .
Due to the abrupt loss of kidney function, arterial dissection and/or thrombosis involving the right renal artery was suspected. Because of limited experience with the endovascular treatment of complicated renal arterial lesions at our centre, a decision was made to attempt primary surgical revascularization. Due to the negligible contribution to overall kidney function, no interventions were planned for the left kidney. In April 2016, the patient underwent ex vivo reconstruction of the right renal artery using a saphenous venous graft from the left leg. A long segment of arterial dissection up to the branch vessels was identified. The occluded arterial segment was resected, and the venous graft was interposed with end-to-side anastomoses. Post-operative Doppler ultrasound showed that the kidney size had increased to 132 mm and excellent renal perfusion was noted.
Approximately 1 wk post-operatively, the patient complained of right flank pain. An ultrasound examination revealed a right perinephric haematoma and suspected kinking of the ureter, causing hydronephrosis. A pigtail catheter was placed to drain the haematoma, and a double-J-stent was inserted to relieve the obstruction. There was a dramatic improvement of both kidney function and BP control. Haemodialysis was tapered and eventually discontinued. Her serum creatinine settled at 350 µmol/L, nearly 2 mo following surgery. BP control was achieved with a single agent. The patient remained dialysis-free for 9 mo before her chronic kidney disease progressed and she eventually returned to chronic dialysis (Figure 3 ).
DISCUSSION
The "sleeping" kidney is a term used to describe a non-functioning but viable kidney, usually due to RAS. Most of the reported cases have involved those with atherosclerotic RAS, with fewer cases involving FMD.
The main blood supply to the kidneys is via the renal arteries; however, they also have a rich collateral blood supply. These pre-formed collateral vessels originate from branches of the renal capsular, peri-pelvic and periureteric systems [5] . We suspect that our patient must have had an extensive collateral blood supply to the right kidney since she maintained good urine volumes of up to 1000 mL per day despite the demonstration on CTA of extremely poor perfusion via the main right renal artery.
Renal arterial dissection may cause renal infarction and subsequent chronic kidney disease; however, FMD as a cause of chronic kidney disease is very uncommon and cases that progress to end-stage kidney disease are rare [6, 7] . A large registry of FMD patients showed that out of a total of 447 vascular events, 4.3% of patients had renal arterial dissection and that only 1.6% and 0.9% of patients had renal failure and renal infarction, respectively [7] . In our case, renal arterial dissection and/ or thrombosis was suspected as a cause of acute kidney injury due to the unexplained, abrupt loss of kidney The indications for renal revascularization, as recommended by the American Heart Association (commonly known as the AHA), include resistant hypertension, new-onset hypertension, branch disease, dissection and aneurysm, and the preservation of kidney function [7] . Regarding the latter, the AHA recommends revascularization when there is progressive decline in kidney function and/or reduction in kidney mass. We decided to offer our patient a revascularization procedure because she had resistant hypertension that was complicated by episodes of malignant hypertension and flash pulmonary oedema. Also, the on-going urine production despite the negligible perfusion seen on radioisotope renogram and CTA suggested a potentially viable right kidney.
There are no guidelines regarding revascularization of RAS in dialysis-dependent patients. A study that investigated 15 hypertensive patients with nonfunctioning kidneys due to either complete or segmental renal arterial occlusion found that the presence of viable glomeruli on kidney biopsy, angiographic evidence of collateral blood supply, and the presence of a patent distal renal artery were associated with successful revascularization and salvage of non-functioning kidneys [8] . In addition, others have recommended kidney length of at least 90 mm and renal vein renin sampling as an additional measure of nephron viability [9] [10] [11] .
Our case demonstrated three of these criteria: the right kidney size being 92 mm; detection of collateral perfusion on CTA as well as on Doppler ultrasound; and, kidney biopsy showing normal glomeruli without tubular atrophy or significant interstitial fibrosis. Guidelines recommend percutaneous transluminal angioplasty (PTA) as the primary revascularization procedure for renal FMD, with surgery as a secondary procedure if PTA is unsuccessful [7] . However, these studies predominantly focussed on the effect of PTA on the rates of hypertension cure and/or control. Evidence for PTA to restore or preserve renal function is less robust, with many studies, albeit their representing a small number, reporting unclear outcomes with none of the patients established on dialysis [12] [13] [14] [15] [16] [17] [18] . One study demonstrated that 12 of 14 patients had improved renal function following PTA, with a mean serum creatinine concentration of 212 µmol/L at baseline that improved to 150 µmol/L after a mean follow-up period of 33 mo [19] . Again, none of these patients were dialysis-dependent. There have been few documented case reports of successful renal revascularization in dialysisdependent patients. In a case of presumed FMD that was dialysis-dependent for 6 mo, the patient became dialysis-independent following surgical correction that involved a spleno-renal bypass procedure [20] . In our case, the decision to surgically repair the right renal artery instead of attempting PTA was largely influenced by the abrupt loss of kidney function, which suggested arterial dissection and/or thrombosis. Also, the lack of local experience with regards to renal arterial stenting was an additional factor that influenced our decision. Because our patient was dialysis-dependent and had a potentially salvageable solitary kidney, we believed that surgical repair would offer the greatest chance for successful revascularization.
The outcomes of revascularization in dialysisdependent patients are not well known. In the case mentioned above, the patient remained dialysis-free for 17 mo, with a serum creatinine of 203 µmol/L. In a study that included 6 patients with FMD and required a secondary revascularization procedure after a failed primary procedure, all cases were dialysis-free after an average follow-up of 58 mo [21] ; however, none of those patients were dialysis-dependent prior to surgery. The initial indication for revascularization in all cases was for BP control rather than improvement of kidney function. Our patient had improvement of both hypertension as well as kidney function but eventually returned to dialysis after 9 mo.
In conclusion, the case presented herein illustrates that in well-selected dialysis-dependent patients with RAS, revascularization may not only improve BP control but also restore kidney function. Patients with RAS should be evaluated for revascularization before fully committing them to a life of chronic dialysis.
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Case characteristics
We report the case of a young woman with renal artery stenosis (RAS) due to fibromuscular dysplasia who became dialysis dependent following arterial dissection; after surgical revascularization, the patient was able to stop dialysis.
Clinical diagnosis
Renal artery stenosis secondary to fibromuscular dysplasia complicated by arterial dissection and subsequent dialysis dependence.
Differential diagnosis
Renal artery stenosis secondary to Takayasu's arteritis.
Imaging diagnosis
Three-dimensional computed tomography reconstruction indicating a rich collateral renal blood supply and confirming the origins and extent of the renal artery stenosis.
Pathological diagnosis
Kidney biopsy confirming viable tissue.
Treatment
Surgical revascularization by ex vivo repair of the renal artery using a saphenous venous graft.
Related reports
The paper by Libertino et al is important for readers to appreciate how to identify those patients that are likely to have a good response to revascularization.
Term explanation
The "sleeping" kidney refers to a non-functional but potentially viable kidney that may recover function following revascularization.
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